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TEE USE OF SLOTS POX IUCREASIFG THE LIFT 

By F r .  Haus 

The underlying; p r i n c i p l e s  of  t h e  m o s t  impor tan t  de- 
v i c e s  f o r  i nc reas iAig  t h e  l i f t  of a i r p l a n e  wings mere i n d i -  
c a t e d  i n  a p rev ious  paper .** We T i l l  now s t a t e  4he prob-  
Lem and d i s c u s s  i n  g r e a t e r  f i e t a i l  t h e  r e s u l t s  ob ta ined  
w i t h  d e v i c e s  f o r  p r e v e n t i n g  t h e  s e p a r a t i o n  o f  t h e  boundary 
la$-er. I n  order  t o  g i v e  an i d e a  or" tile o r d s r  o f  raagnitnae 
o f  the p o s i t i v e  and. n e g a t i v e  presszrros invo lved ,  w c  mado 
a diagrzm o f  thzm ( f i g ,  1) , 2,s measured ct 15' a;iZle of 
a t tack on t h c  Gott ingen p r o f i l e  38'7. The 7 r c s s m - o  scale  
i s  g radua ted  i n  terms o f  t h e  dynaiiiic Tressure q ,  which 
enab le s  t h e  e v a l u 9 t i o n  o f  the p o s i t i v e  2nd n e g a t i v e  -ores- 
sures a t  a l l  v e l o c i t i e s ,  l e  have ,  i n  f a c t ,  q = a V-2/2g. 

I .  S l o t s  through t h e  Ving 

By e s t a 3 l i s h i n g  comaunication be'tveen t h e  u-pper and 
lower s u r f a c e s  o f  a wing, a p r e s s u r e  d i f f e r e n c e  i s  ob- 
t a i n e d ,  the magnitude of which depends on t i le p o s i t i o n  o f  
tile s l ' o t .  I n  a* s l o t  ob t&inea  by coxinecting t h e  po i r , t s  A 
and A ' ,  t h e  p r e s s z r e  d i f f e r e n c e  mould be 3 q. I n  a 
s l o t  f a r t h e r  back (a t  €331, f o r  e x a q l e ) ,  t h e  d. i f ference 
would be on13 1.5 q .  

T!ie p r i n c i g l e  o f  tile s l o t t e d  v i n e  i s  no mystery,  an& 
t h e  name o f  t h i s  c'evico v e l 1  CtescrZbes t h e  rnethoct used. 
I t  p rodcces  a c u r r e n t  x h o s e  k i n e t i c  energy i s  added t o  t h e  
f a i l i n g  energy o f  t h e  bcundary larer.  

I t  i s  no% o u r  i n t e z t i o n  t o  d i s c u s s  t h e  o r i g i n  of 
s l o t t e d  wings. 7 e  s h a l l  r e f e r ,  hoaever ,  t o  IIandILoy Page,  
who h a s  a t t a c h e d  h i s  naae t o  then 2nd has improved them 
- ---- __-_._____I------I -7.. 

* "L u t  i3 i sat 5 o n  p r  at i que de s p r  o c 8 d 6 s d I hy2 e r su s t en t at  i on. 
L1B6ronautique, J?me, 1.931, pp. 205-213. 
**Fr.  H a u s ,  ' IFortcaces eleve'es e t  y J r o f i l s  h;Tpersiistenta- 
t e u r s . "  L'AGronautique, A p r i l ,  1931, p. 125.  
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t o  t h e  p o i n t  o f  p r a c t i c a l  n t i l i t y .  Tho many r e s e a r c h e s  
made w i t h  s lot- tcd v i n g s  enable  us t o  p r e s e n t  t h e  ques t ion  
i n  a s y s t o E a t i c  way E n d  t o  o x m i n e  i m t h o d i c a f l p  t 3 o  prop- 
e r t i e s  o f  t hcso  s-arfzces. Our p r e s e n t a t i o n  ai l1 n o t  al-  
ways conform t o  t b o  ch rono log ica l  o r d e r  o f  t he  cxper inonts .  
Y e  m i l l  f i r s t  consfder  t'ne fo l lowing  ques t ions :  

l o  i'u'herc should t h o  s l o t  be i o c a t e d ?  

2, V h a t  should. be i t s  c ross -sec t ion21 shape? 

d f e d i m  sloC.- Since s e p a r a t i o n  o f  t h e  bouxdary 
l a y e r  01% $he xpper s i d e  o f  a wing n e c e s s a r i l y  occurs at a 
p s i n t  q u i t e  f a  back, i t  s e e x s  reasona5le  t o  produce t h e  
air j e t  q u i t e  far from ";:.-e l end ing  edge, near t h e  p o i n t  
where the noccZ o f  n d d i t i o n z l  energy i s  apparent .  

Let us cons ide r ,  20;. exanple,  an obi-iqucl s l o t  ( f i g ,  
2) s t  a b o u t  t h o  mi?.dle. o f  t h e  chord. Th5.s 3 a s  bgon f o n n d  
t g  incTccsc tlre mazinum l i f t ,  A t e s t ,  made a t  t h e  Rhode 
Sz5-nt-CenAse L a b o r a t o r y  (Belgium) w i t h  r?. biconvex p r o f i l e  

fiig r e s u l t s .  Tlie s l o t ,  x VGS of xxniform T id th ,  and t 3 e  
~ ~ f n g  ha5 a chord o f  200 im (7 ,81  fn,). 

1' which Crl0 was p r a c t i c s l f y  ze1-0, yZeldea t h e  follow- 

The t e s t  shoved t l m t  C, i n c r s a s e s  w i t h  t h e  w i d t h  

Crfio. I t  does  

c1 ax 
of the s l o t .  T5e orif'i-ce 0: the s l o t  i n c r 3 a s e s  the  prs-  
file drag ,  b---t d o o s  n o t  z f f a c t  t h e  vc1-J-e o f  
affect, klowcITer, t 2 e  y i a l u e  OT ?-CLa/fi.Cz, t h z t  ictr, t h e  in- 
c l i n a t i o n  02 t h e  noneilf cur-tc. T;lo s l o t  i z ~ ? i ? ~  t he  middle 
a f f e c t s  o n l y  t h o  r c z r  28rt 02 t h s  ?"lfTTg, I t  increases t h o  
l i f 8 ,  corresTor-iiiag t o  cn i i i c reasc  of  d ~ ~ / d ~ ~  . 

T1.;c rJir,:s wi th  s l ,o ts  o,f u s i f o r m  width corta5n3.y do 
not c o n s t i t u t e  a-i cdvanfngcous s o l n t i o a .  Bo r e f o r  cspoci-  
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a l l y  t o  t h e  p reced ing  t e s t s  becav-se of t h e i r  sys t ema t i c  
c h a r a c t e r ,  whEch shows a l l  t h e  p e c u l i a r i t i e s  of t h e  phe- 
nomenon. 

There a r e  c e r t a i n  advantages i n  u s i n g  a nozzle-shaped 
s l o t ,  which produces L? s t r o n g e r  flow. F i g u r e  3 shows a 
p r o f i l e  t e s t e d  at Got t ingen ,  a long  w i t h  t h e  co r re spond iag  
p o l a r .  The C, a t t a f n s  a zaximum of 1.75, t h e  o t h e r  
c h a s a c t e r i  s t i e s  being:  

P r o f i l e  d r a g  CXp 0.07 

D e r i v a t i v e  dC,/dCz 0,30 

b) Fo_r?ard slot-.- A t  t h e  o u t s e t  t h e  q u e s t i o n  a r i s e s  
as t o  whether i t  i s  l o g i c a l  t o  u s e  a c e n t r a l  s l o t .  I t  may 
be i n t e r e s t i n g  t o  produce the  a i r  c u r r e n t  nea r  t h e  p o i n t  
where i t  i s  t o  be u t i l i z e d .  Tho p r e s s u r e  d i f f e r e n c e  i s  
much less at t h e  middle o f  t h c  wing than nea r  thc  l c a d i n g  
edge. iVould- i t  not  be b e t t e r  t o  u t i l i z e  the  2ressure d i f -  
f e r e n c e  mkiero i t  i s  t h o  g r e a t e s t ?  I n  t h i s  w a y  t h e  bound- 
a r y  l z y e r  i s  z f f e c t e d  cons ide rab ly  forward of  t h e  ;?oint  
mLere i t  i s  nccessary .  m2ict i s  t h e  r e s u l t ?  The l a b o r a t o -  
r i o s  can g i v e  7:s thc cnsver. F i g u r e s  4 azd 5 show $he r3- 
su l t s  ob ta ined  n i t h  t b e  8 . A . F .  31 rzing and T i t L  a Got t ingen  
Y r i  ng . 

Hero c l s o  w e  Lave an i n c r e a s e  i n  t h e  mcxiraum.lift and 
an i n c r e a s e  i n  t h e  p r c f i l e  drag. The A e r i v a t i v e  dC,/dCz, 
o n  t h e  c o n t r a r r ,  d imin i shes  i n s t e a d  of i n c r e a s i n g ,  t h u s  
i x l i c a t i n g  t h a t  t n e  c.p. ten5-s t o  bc f a r t h e r  forward than 
i n  the  unmodified nicg.  This i s  n o t  s u r p r i s i n g ,  because 
t h e  i n c r e a s e  i n  v e l o c i t y  on t h e  up2er s i d e  of t h e  wing, 
beg-innirrg a t  t h e  l e a d i n g  edge, t e n a s  t o  f n c r $ n s e  t h e  nega- 
t i v e  g r e s s u r e  i n  f r o n t ,  The % e s t  w i t h  tho  Got t ingen  nii lg 
shows  a;i important  d i s c o n t i n u i t y ,  a phenonenon Thick i s  
q u i t c  o f t e n  observed i n  tho r e s u l t s  of l a b o r a t o r y  t e s t s  of  
s l o t t e d  v i n g s ,  Tho F o l a r  snons p l a i n l y  t h a t  tho regime,  
nliere the u t i l i z a t i o n  o f  t h e  s l o t  bccomcs i a p o r t a n t ,  i s  
the reg!-ilc o f  h igh  l i f t .  I t  is t h e r e  that C;xp r eaches  
i t s  ninimurn value.  

I t  i s  known t h a t  s l o t t e d  wings have long  s i n c e  l e f t  
tho  domain o f  t h e  l a b o r a t o r y .  Cf t h e  t w o  s l o t  l o c a t i o n s ,  
central .  and forward, or,fsi t he  i a t t c r  i s  xoi7 used. The 
r c i l S O i 1  i s  s i a p i c .  The ilse 02 s l o t s  Froaucc dregs incoal- 
p a t i b l e  w i t h  h igh  speeds.  Thc us3 o f  a s l o t t e d  wing ap- 
p e a r s  t o  be r e a l l y  advantegcous onf;r nhen t h e  s l o t  ccn 



b e  c l o s e d  d z r i k g  n o r m a l  f l i g h t  and f s  openod only for f l y -  
i n g  at l o w  speed, z s  i n  t zk ing  0:ff or i n  l and ing .  

The r e a l i z a t i o i i  of t h i s  e s s e n t i a l  c o n d i t i o n  i s  a l m o s t  
impossiblo with t h o  cc'ne'r.,i;l s l o t ,  I t  would be necessary  
t o  place a spar i n  each >,art of t h e  n ing ,  which would prc-  
vent  i t s  displscesen2..  I t  is. q u i t e  d i f f c r e n t  w i t h  t h e  
for:-iard s l o t ,  \-!hero t k e  s l o t  i s  boucded by t h o  wing i t s c l f  
and 3y an auxi l ia . ry  surzace  which can be rendered  movable 
w i t h o u t  d i f f i c u l t y  and which f i t s  t h e  wing e x a c t l y  nhen 
t h o  s l o t  i s  closed.. 

u r n b i n a t i o n  of  s l o t s  ~-&_t_h_5-a~.g~-o~s.~- When s l o t s  
a r e  used t h e  l i f t  i-ncrease i r ;  due sirn2l.y t o  t h e  Ciolay i n  
t a k i n g  o f f a  2110 s l o t s  dio not i ne reas*>  t h e  valv-c, o f  C, 
at  srcsll a n g l e s  o f  a t t a c k .  If i t  i s  d a s i r c d .  t o  ob$ain 
gyeat l i f t s ,  they m u s t  b e  sought at  an,ylcs of  z t t a c k . 0 9  
24 t o  2 6 O ,  mhfch abuormxlly i n c l i n e  the  e.irT2ace and i t s  
f u s e l e g e  t o  t he  f l i -gh t  2 a t h  and r e q u i r e  excent2onal ly  hfgh 
l and ing  g e a r s ,  i f  i t  i s  d e s i r e d  t o  l and  nt t hcse  ,angles, 

Tho p r o T c r t i o s  of a i l o r o r i s  arc nlrcaC-jr ' I = P G ~ , ~ .  Tho5i_r 

B y  combii i ing t h i s  p r o g e r t y  w i t h  that 

a s c  i n c r c r s c s  t h o  mean ca13cr  and anglo of a t t a c k  o f  t h e  
xlag  w i t h o x i t  i n c r c n s i n g  the  i n c l i 3 a t i o n  of the a i r p l a n e  
t o  i t s  r"lfg?it p ~ t h ~  
o f  t h e  forna7.d- ~ 1 0 5 s  ( f i g .  k ) ,  l a r g e  l i f t s  a?e obta ined  
n i t h o u t  r e so - t  t o  l z r g e  angles  o f  a t t a c k .  

I t  i s  necessara?, o f  co:irse, t o  i n s u r e  t h e  ope ra t ion  
of t he  aileron i n  e v e r y  in s t ance .  This  r e s u l t  has been 
sought by t 5 e  u.sc of a. second o p e l i n g  o x i s t i n g  at the  a i l -  
e r o n  hinge (2i-g. 7 )  sild by ac t iva t j -ng ,  i n  some way, t he  
motion Qf th.j boundnry 1 n y c r  i f ,  as e. r c s u l t  of tho change 
i n  d i r e c t i o n .  prod;rccd 3;r t h e  o ? e r a t ? o n  of t h e  a i l e r o n ,  
this i.lo?ion sL.ou1cl cease. The rear  s l o t ,  s i t u a t e 6  i n  
Srour-t 0 2  t h e  a i l c r c n ,  axst rcmcin open. An i n c r e a s e  i n  
drag  w i l l  s u rc ly  c n s u . ~ .  I t  sccms, iiorrsvcr, that tlic ia- 
c r c c s c  i n  t h e  p rc f i ' i c  d r a g ,  prodincod by a s lo" r , ,  diminisires 
as t h o  s l o t  xpprozckes t k c  i-em ,, '1kc s?Ipplo-2e:it ary  drag 
due t o  ;;5n a l l c r o n  s l o t  has 5et:n, i n  f a c t ,  ro5nccd t o  
b Zxp = 0,004. 

a i l e r o n  ;;;~vQs, at a deflloctior,  0 2  2 G o ,  a 1 1 2 %  of 1,9 c o r -  
rosposdi:ig t3 
par t ,  T%c rosu l t s  o.btsiizcd iii F r ~ ~ ~ e ' b ~  T i l l i c r s  mid 
Bofifs .zsk;~ e,rc a , l so  i n t e r c s t i r g .  'Pi;;urc 6 s h o w s  tho  char- 
a c t c r i s t i c s  o f  030 o f  their p r o f i l c s .  The l i f t  C, = 2 

The R,&,T.  31 w i i i < ,  rro\-id.ed m:th a f r o r z t  s l o t  a:id an  

smg:lc of  r 5 t a c k  o f  12" f c r  5 % ~  c o n t r a 1  
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i s  ob ta incd  by a2 a i l e r o n  d-offect ior ,  o f  20" at an angle  I 

of a t taclc  of 3 = 11' only. 

These wings c o ; l s t i t u t s  t h e  f i r s t  p r a c t i c a l  a2p l i ca -  
t i o n  o f  suppor t ing  s u r f a c e s  w i t h  more than one s l o t ,  whose 
p r o p e r t i e s  have long  s i n c e  been determined i n  t h e  l a b o r a -  
t o r y ,  bioreovor, tlne need o f  ar- a i l e r o n  s l o t  has not been 
d e n o n s t r a t e d ,  g o o d  r e s u l t s  having  been ob ta ined ,  i n  some 
c a s e s  by t h e  simple combination of a forward s l o t  and an 
a i l e r o n  wi thout  s l o t  at  the  hinge.  

d) Act ion of F l o t s  on f u l l - s i z e d  airganes,- From 
f l i g h t  t e s t s  on f u l l - s i z e d  a i r p l a n e s  me knon t h a t  t h e  ac- 
t i o n  of the s l o t s  i s  c o n p l o t c l y  ratzirLtainod a% l e r g c  Roy- 
no lds  ihnbers .  Becent f l i g h t  t e s t s  have made i t  possible, 
e,fl;., t o  d e t e r n i n e  t h e  maxinun l i l t  of t h e  well-kaonn p r c -  
f i l e  R,A,F ,  34 p rovfdea  n i t h  s l o t s ,  but w i t 3 o u . t  a i l e r o n s .  
The t e s t s  were made on a k ip l ane ,  The inaxinurn l i f t  o f  
6, = 1.7 m a s  o b t a l n e 6  at  an a n g l e  of a t tack,  o f  28'0 A s  i n  
t h e  l a b o r a t o r r ,  the  p r o f i l e s  p r o v i d e d  3 5 t h  a i l e r o a s  y i e l d -  
ed g r e a t c r  l i f t s ,  The tno v i c t o r i o u s  a i r p l z n c s  i a  t h e  Gug- 
gc:ihcim Ccntost  'both uscd  t h i s  combination, Tho C u r t i s s  
frTsnagerfi  and t h e  Handley Fege "Gugr,unctt b o t h  shoncd ex- 
c e p t i o n a l  s g o a d  rangcs ,  

!:asirnur;i speed i n  1 2 i z i n n n  speed 
h c r  i :: on t  a1 i Engine Bngine i 

i f l i g h t  running  s t opp ed 

I 

---II___. 

Ci l r t i s s  

Handley Page I 180.5 " 63.8 1' -- -_11 --- -- 
The miniaim speed o f  tlie Curtiss c o r r e q o n d s  t o  a L i f t  

o f  2.44, w i t ? n o u t  t .aking 5 n t o  a c c o n a t ,  f o r  t h e  c a l c u l a t i o n  
of t h i s  c o e f f i c i e n t ,  t h e  a r e a  o f  t'ne a i l e r o n s  at the  t i p s ,  
always h e l d  at a s n a l l  angle o f  a t t a c k ,  I n  t h o  tuiinel t e s t ,  
accord ing  t o  t h e  o f f i c i a l  r e ? o r t ,  t h e  iilodcl gave a naxinum 
Cz of 2.36, The p r o f i l e  m a s  t h c  G 72, 

The Handley Page w i n g ,  nith t Z c  R.B.2, 28 profile, at-  
t a i n e d  a l i f t  of 2.12 w i t h  the  eng ine  stopped. These v a l -  
u e s  mere ob ta ined ,  i n  b o t h  c a s e s ,  mfth t h e  s l o t s  open and 
t h e  a i l e r o n s  5 e f l e c t e d .  

Tho mosfu c h a r a c t e r i s t i c  p r q e r t ; ;  sLoan i n  t h e  Guggen- 
heim Contes t  and a l l  tLe f l i g h t  t e s t s ,  i s  t 3 e  iIiz>roveser,t 
i n  t h e  ' I z t e r a l  s t a 3 i l i t y  and i n  t h o  c o n t r o l l a b i l i t y  of 
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thcoa a i r p l a n e s  at large ong'_es 02 a t t a c k ,  T h i s  inprove- 
ncnt  i s  t h c  n a t u r a l  conseqnmcc o f  t h e  u s e  of s l o t s .  Tilose 
novcf p r o p c r t i c s  n i l l  be cons ide red  i n  d e t a i l  f a r t h e r  on. 

TI, Yings n i t h  P r c s s w o  S l o t s  

E o f o r c  c o n s i d e r i n g  tlic p r o p c r t i c s  or^ s l o t t e d  v i n g s  
f r o n  the v i o q o i n t  o f  s t a b i l i t y ,  l e t  u s  i n v o s t i g a t c  mings 
with pressure s l o t s .  Thcsc d i f f e r  o n l y  i n  t i l o  E C ~ S  u s a d .  
t o  >roducc t h e  n e m s s e r p  j c t  of air .  I t  nill bo i n t e r e s t -  
ing t o  conpare,  f r o m  t h o  t - icnpoint  o f  t h e  r c s v d t a a t  l i f t ,  
t ho  tno cppL&ca,tioiis o f  tkc  same ;srinci?le.  F o r  this pur-  
p o s c ,  let 11s i ' irst consiclor t h e  r e s u l t s  o f ,  t h r e e  s e r i e s  o f  
t e s t s ,  c s  folloTs: 

Te s_tg&t* the It.&:i&&~~y i ; e m o r i a l _ ~ . ~ r o o . ~ ~ ~ ~ - i ~ ~ l  Labgra- a) 
- t o r - . -  The L.T;.A.I,. e x p e r l a e n t e r s  used  a hol.Lo17 rving w i t h  
oae  o r  more s l o t s  i n  i t s  upper sxTface.  Our i n v e s t i g a t i o n  
m a n  1.irnited t o  a s i n g l e  c o n b i n a t i o i  Ehere t w o  s l o t s  were 
i-aade a t  t h o  p o i n t s  ind ica ted .  on t h e  p r o z i l e ,  ;Fig, 8,) 
17icse slots n e r e  d i s p o s o d  s o  as t o  guide tho  e x i t  of t h e  
air, nl i ich  vas k q t  contir--?ialZy wider 3rcssurc  by a COD- 
p r e s s o r .  The i r , s ldc  pr3asv.rcr was c a r r i e d  sucoossivcly t o  
4, 11 ami! 1 5  tlnes t h e  d;mcqic p regsc re .  The c o e f f i c i e n t  
01 l i f t  rccs €onnd b2- i n t e g r a t i o n  o f  the  normal pressures, 
i n  terms c f  t h e  a g l o  02 a t t a c k .  The r c s u l t s  ;trc shonn 
i n  F ign rc  8. T?c &raS Tas not mc?s.crrcd i n  t i l e s o  e q c r i -  
m s i i t s .  Eence me. c,",nnot p l o t  t h o  3 o 1 m  nor dctcrmisc t h e  
d- i f fcrence i z z  drag AC,,, p o s i t i ~ e  o r  ncga.l;ivc, due t o  
t he  u s 0  of a i  air j o t .  VC c d c u l a f c d ,  b o v o v c ~ ,  thc  outgut 

' o f  2A.r bhrov-gTlz t h e  s l o t s ,  t h e  pone r  cor responding  t o  t h e  
compression of t h e .  air .  

r 

By rnzkigg t h i s  p o w e r  equal  t o  ali e x p r e s s i o n  of t h e  
a ~.c a 3  

f o r o  C, S rg , o f  Cimensioiis 26: T- , we can r q r c s e r t  
t h o  p o w e r  ex,~ondsA i n  couprissi?zg t h o  air  by a f a c t o r  Ci,' 
ailalogous t o  ;2 dra; coeZ2ic icn t  P3e C,' , calculated 
ai iC!  ind ica . tcd  I n  3 i g u r e  9 ,  r o z r e s c n t  tho  t h e o r e t i c a l  i7ork 
o f  eomprccsioa. Thcy ar:: g ivsx  f n  tc;rms o f  t h e  l i f t  i n -  
croncnt  o l t a i n o d  at 12' ang le  o f  s t t n c k ,  IT it a e r o  do- 
sircci t o  use t i l o se  f'ig-a-zs t o  $ . c t o r n i n o  t h c  r o q v i s i t o  
w o r k ,  it = o d d  k e  n e c e s s a r y  % o  ixsrczsc3 tkea  s o  as t o  mskc 
al lonancc f o r  tLe c f f i c i c n c y  o f  t:ic C O : ~ ~ O S S O ~ S .  
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b) Katzqsqr '_s t c s t s  at Vienna.- Xatzmayr used  a wing 
w i t h  t h r e e  s l o . t s ,  one o f  thera b e i n g  on t b e  lower side o f  
t h e  wing,  (Fig, 11,) ?he curves  i n  Bigure 1.0 r e p r e s e n t  
t h e  p o l a r s  i n  the  c a s e  of a s i n g l e  s l o t  i n  t h e  forward 
p a r t  o f  t h e  upper s u r f a c e .  Katzmayrrs p u b l i s h e d  r e s u l t s  
a r e  given i n  teras o f  the r a t i o  of t h e  o x i t  v e l o c i t y  u 
t o  t h e  v e l o c i t y  o f  t h e  a i r  s t r o a m  v. The % a o  p o l a r s  c o r -  
respond t o  t w o  d i y f c r o n t  u/v ra t ios .  The cu rves  i n  
F igu re  I1 r e p r e s e n t  t h e  p o l a r s  i n  t he  case  of t h e  t h r e e  
open s l o t s o  

The v a l u e s  02 u /v  a r e  q u i t e  s m a l l .  It i s  remarka- 
b l e  that a j e t  w i t % .  a v e l o c i t y  o f  u., whic3 i s  only a 
f r a c t i o n  o f  t 3 e  ai r -s t rearr .  v e l o c i t y  v ,  can y i e l d  such 
g o o d  r e s u l t s .  Hnoving u /v ,  i t  i s  p o s s i b l e .  t o  determine 
t h e  i n t e r n a l .  p r e s s u r e ,  which i s  a f r z c t i o n  o f  t h e  dynamic 
-pressure q ,  Katzmayr's  measurements i n d i c a t e  t h e  d r a g s  
corres?onding t o  t h e  a n g l e s  o f  a t t a c k  ai; wlzich t h e  l i f t s  are 
obta ined ,  I t  i s  obvious  that the c i r c u L a t i o n  i s  cons ider -  
ab ly  a f f c c t c d  by the  a i r  j e t  and docs  not depend simply 
on t h e  ariglo of a t t a c k ,  A t  a c o n s t a n t  angle  o f  c t t c c k  t h e  
l i f t  i n c r e a s e s  when t h e  i n t e r n a l  p re s su re  and t he  e x i t  vc- 
l o c i t j r  i n c r e a s e ,  

It i s  ?erhar,s s t i l l  n o r e  rcmsrknblc  t h a t  t h o  p o l a r s  
a?pear t o  s h i f t  n i ~ l l c  romaintng approximately p a r a l l e l .  
T;le p o l a r s  do :lot  follon r e g u l a r l y  t h e  induced pa rabo la .  
The l a w  of cons tan t  p r o f i l e  d r a g  2 s  p o o r l y  v e r i f i e d .  On 
f o l l o x i n g  t h e  r e a l  p o l a r s  ix t h e i r  course p a r a l l e l  t o  t h e  
a x i s  o f  t h e  o r d i n a t e s ,  we f i d  t h e n ,  at c e r t a i n  a a g l e s  of 
a t t a c k ,  beconfng no re  f a v o r a b l e  t 3 a n  t h o  induced polar and 
i n t e r s e c t i n g  tho  l a t t e r o  

Tne emission or" t 2 e  air  j e t s  obvio7~s ly  e x e r t s  a favor- 
a b l e  e f i e c t  on the p r o f i l e  drag. The ACXp a r e  c e r t a i n l y  
nega t ive ,  A t  c o n s t a n t  in te r rza l  x ) ressures  t h e  bC,, are 
not independent  o f  the angle  o f  a t t a c k ,  bxt  seem t o  v a r y  
n i t h  t h e  l i f t .  Here a r e  phenomena, a s  ;-et b-at l i t t l e  un- 
de r s tood ,  v'lnich m e  h o 9 o  m i l l  s o o n  be  cxj j la incd by new ox- 
pcr imcnts .  n &he aqTearanco of a n c g a t i v c  AS, c o n s t  i tut c s 
a p a r t i a l  r e s t o r a t i o n ' o f  t h e  energy  expend-ed i n  t h e  con- 
p r e  ss i  oy1. 

- c) Seevraldt s ez ip -e -aen t s  at tile D.V'.&&- The exper i -  
ments 05 Seemala iz B e r l i n  were c:iaracterizcd by t 3 c  use 
of three st roi%g i n t c r n a l  pressures. T h e  c z r v c s  of F i g u r e  
1 2 ,  showing tlic cour se  o f  t i o  l i f t  i n  terns o f  t h e  ang le  
of a t t a c k ,  are vory c h a r a c t e r i s t i c .  Cz v a l u e s  of t h c  o r -  
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der of  3, a t t a i n i n g  'even 3.3, w ~ r o  obta ined  w i t h  an  i n t e r -  
n a l  p r e s s u r e  o'f 4 atmospheres,  

' d) Comparison o f  t h e  resu1b.w The s3-stem o f  air j e t s  
y i e l d e d  l i f t  increments  of t h e  same order  of magnitude as 
those o b t a i n e d  by s l o t s  p a s s i n g  e n t i r e l y  through t h e  wing. 

Katzmayr's exper iments  mere made w i t h  very l o w  i n t e r -  
n a l  p r e s s u r e s ,  equal  t o  only a f r a c t i o n  of q. They en- 
ab led  t h e  a t t a inmen t  o f  C, = 2.2,  The Armriccan expert-  
mcnts ( w i t h  i n t e r n a l  p r o s s u r c s  up t o  15 q) y i c l d e d  p r a c t i c -  
a l l y  t h e  same resuKt. Sebvald ' s  experiments  mere performed 
at much h i g h e r  p r e s s u r e s ,  o f  the o r d e r  o f  200 t o  500 q. 
The C, increment m a s  g r C a t c r ,  t h e  Czmax a t t a i n i n g  3.3. 
A l l  t h e s e  t e s t s  show t h a t  a p p r a c i a b l e  e f f e c t s  cax 50 p r o -  
d w e d  with q c i t e  low pressures. 

I n  none o f  t h e s e  s e r i e s  o f  t e s t s  were a i l  t h e  impor- 
t an t  c h a r a c t e r i s t i c s  d e t  ormined sir;lultaneousl.y, I n  t h e  
American t e s t s  t he  d i f f s r e n c o  i n  the drag hCXp va-3 not  
measure$, bu t  t he  er-ergg r e q u i r e d  f o r  t h e  compression vas 
foil-nd. I n  t h e  A u s t r i a n  experiments  t he  drag vas xeasnred, 
nh ich  C i l A b l e i i  t h e  d c t c r m i n a t i o n  o f  A L P .  This TCLS found 
t o  bo s c g a t i v o .  T h e  amount of t h e  comgression w o r k  v a s  

I n o t  determined i n  t h e s e  t e s t s .  Seeaa ld ' s  m a s u r e n e n t s  i n -  
volved o r i l y  t he  l i f t ,  

F o r  t h e  l a c k  o f  complete d a t a ,  i t  i s  d i f f i c u l t  t o  
judge t h e  valtie or' wings n i t h  pressure s l o t s o  No m a s u r e -  
nent o f  C, vas  made, a l though t h i s  c o e f f i c t e n t  w o u l d  be 
t h e  m o s t  uscr"u1. 

The coriperison o f  n ings  h a v i z g  through s l o t s  n i t h  
n i n g s  hav ing  p r e s s u r e  s l o t s  i s  t o  t h e  advazltage of t h e  
formero F o r  s t t s f n i n g  C, o f  t b e  o rde r  o f  2 ,  wings n i t h  
t h r o u g h  s l o t s  y i e l d  t'nc desired r e s u l t  i n  a s i c 2 l c r  Tay 
nitho-ut c o : l ~ l i C a t c d  sc . chaa icx1  C L C - Y ' ~ C C ~ ~  1% i s  o-nlp by 
vorif j r i i ig  tk.Q sons.vhlai par=t&oxic21 r e a c l t s  o f  IFai,znayr zt 
v e r y  l o w  p r o s s u r c s  t h a z  thc, p r a c t i c a l  a p p l i c n t i o i l  of 2rcs-  
su re  s l o t s  could be prcdi-cted. 
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111. Wi'ngs wi th  S u c t i o n  S l o t s  

Plings provided  w i t h  s u c t i o n  slots on t h e  uspe r  s i d o  
have been t e s t e d  i n  s e v e r a l  l a b o r a t o r i e s .  ' There i s  no 
need o f  e x p l a i n i n g  t h c i r  p r i n c i p l e .  We n l l l  on ly  i n d i -  
c a t e  t h e  p r i n c i p s l  ' r e s u l t s .  

L g e m e n t  s at t h e  & a . n . $ s  r i a l  AeronanLc& - L a b o f s t o x , - ' T h e  wing used  i n  the can expdriment s 
m a s  provid-ed, on t o g ,  w i t h  a s e r i e s  of s u c t i o n  o r i f i c e s .  
Their  edges  were s ; i g h t l y  rounded, s o  as t o  , f a c i l i t a t e  
t h e  i n t a k c  o f  a i r o -  Rather  s m a l l .  noga t ivc  p r e s s u r e s  mere ' 

employed, Ths cuf-res i n  F igure  13 i n d . i c a t o  t h e  l i f t s  ob- 
t a i n e d ,  f o r  d i f f e r e n t  n e g a t i v e  p r e s s u r e s ,  v i t h  a v ing  hav- 
i n g  t k r e e  s l o t s a  Thc czrve in F i  u r e  3.4 i n d i c a t e s ,  i n  
terns  of tlic l i f t  increment  at 15  angle  o f  a t t a c k ,  t h e  
drag Cxt corresponding  t o  t h e  t h e o r e t i c a l  w o r k  of suc- 
t i on .  

bJ-sc-bren31 s eFEgLncn t s  i t  Ggtt,t_nJSgz,,- O s k m  
Schrenk 's  experiments  were performed on ve ry  t h i c k  n i n g s ,  
u s i x g  d i f f e r e n t  d i s p o s i t , i o n s  o f  the s u c t i o n  slots. me 
w i l l  only g ive  t h e  r e s u l ' t s  of one o f  the  m o s t  c h a r a c t e r i s -  
t i c  t e s t s .  The n e g a t i v e  v r c s s u r e s  were o f  t h e  same o rde r  
of - -nagni tude  as i n  t h e  American t es ts , ,  Since  t h e  drag  
measurements mere made, i t  i s  p o s s i b l e  t o  r e p r e s e n t  t h e  
r e s u l t s  by t h e  cus tona ry  p o l a r s o  (Fig. 15,) 1% i s  mani- 
f e s t . t h a t  ' the  angle  o f  aCutack here  r o t a i n s  a l l  of i t s  i m -  
portan'ce. Tke s u c t i o n  does  not  i n c r e a s e  t h e  c i r c u l a t i o n .  
The w o r k  o f  s u c t i o n  having  been determined,  i t  was p o s s i -  

' r ep rBsen t  t h e  p o l a r s  ( f i g .  16) i n  t e rms  of a t o t a l  
Cx $. Gxl, which makes i t  poss?tble  t o  determine t h e  

8. 

porPer r e q u i r e d  f o r  a t i l i z i n g  suck: a d i s p o s i t i o n ,  ' 

These l a b o r a t o r y  t e s t s ,  l i k e  those on wings mi th  
pressixre s l o t s ,  l e d  t o  no p r a c t i c a l  r e s u l t s n  The t c s t s  
i n d i c a t e ,  norcover ,  t h a t  tho p rope r t i . ; s  o f  wings,  p rov ided  
wi th  t h c s c  s l o t s ,  arc' baa nhcn t h e  d o d i r o d  p o s i t i v o  o r  
n e g a t i v e  p r e s s u r e  i s  not produced i n t e r n a l l y ,  i.e., mhcn 
t h e  l i f t - i n c r e a s i n g  d e v i c e  i s  n o t  i n  o p e r a t i o n ,  

I n  o r d e r  not  t o  confuse t h e  f i g u r e s ,  me have omi t t ed  
t h e  cu rves  f o r  i n t e , r i i e l  g o s i t i v e  o r  nega t ive  p r e s s u r e s  of 
ze ' ro .  ?7e w i l l  s imply remark t h a t  t heg  a r c  nnch vorse  t h a n  

of a, p l a i n ' m i a g  without  slots. . .  
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IV. E f f e c t  of L i f t - I n c r e a s i n g  Devices  on t h e  S t a b i l i t y  

Vc now broach a new aspec t  of t h e  problem, aa aspoc t  
which i s ,  perhaps ,  the most  impor t an t  o f  a l l ,  A i rp l anes  
have, i n h o r e n t l y ,  one fundamental  d s f e c t .  T h i s  d e f e c t  
c o n s i s t s  i n  dpnaaic  l a te ra l  i n s t a ’ b i l i t y ,  whenever an air- 
plane has an angle  of a t t a c k  abovo t h e  ang le  of maximum 
l i f t ,  ‘Phis f a c t  i s  e a s y  t o  unders tand ,  L e t  us cons ide r  
the r e a c t i o n s  o f  an a i r p l a n e  when dis-turbod l a t o r a l l y ,  

Fahen a wing i s  t i p p i n g  downward, i t s  a n g l e  o f  a t t a c k  
i s  i n c r e a s e d  by t h c  r o l a t i v e  v e l o c i t i e s ,  wh i l e  t h e  anglo 
o f  a t t a c k  o f  a r i s i n g  wing i s  diminished.  

If t h e  a i r p l a n e  i s  f l y i n g  a t  an angle  below that  of 
maximum C,, c a l l e d  t h e  c r i t i c a l  ang le ,  the descending 
wing (whose aag le  o f  a t t a c k  i s  b e i n g  i n c r e a s e d  by t h i s  move- 
ment) i s  s u b j e c t e d  t o  a g r e a t e r  l i f t i n g  f o r c e ,  whfle t h e  
ascending wing i s  s u b j e c t a d  t o  a sma l l e r  l i f t .  This d i f -  
f e r e n c e  t e n d s  t o  l e s s e n  the  d i s t u r b a n c e ,  

If t h e  a i r p l a n e  i s  f l y i n g  above t h o  angle of m a x i m u m  
l i f t ,  t h e  l i f t  o f  t h o  descending wing doc reases ,  due t o  
t h e  i n c r e a s i n g  angle  o f  a t t a c k ,  wh i l e  the l i f t  o f  t h o  as- 
conding wing i n c r e a s e s ,  ar?d the d i s t u r b a n c e  t e n d s  t o  i n -  
c r e a s e  i n s t c s d  o f  d iminish .  

I n  cu rv ing  f l i g h t  t h o  v e l o c i t y  of the outer  wing i s  
g r e a t e r  t h a n  t h a t  o f  t h o  i n n e r  wi’ng. S ince  t h e  r e a c t i o n s  
a r e  a lways p r o p o r t i o n a l  Go t h e  square  o f  t h e  v e l o c i t y ,  
t h e  l i f t i n g  f o r c e  e x e r t e d  on the o u t e r  wing (i.e., the 
ascending  wing) i n c r e a s e s  and t h e  r o l l i n g  motion i s  i n -  
creased.  

I t  i s  easy t o  r ecogn ize  i n  t h e s e  r e a c t i o n s  t h e  ton-  
dency t o  s tart  a sp in .  An acc ic ten ta l  s p i n ,  .in short , .  may 
be cons ide red  as a secondary consequence o f  tho s e p a r a t i o n  
of t h e  boundary l a y o s  f ro rd  theowings,  Por o r d i n a r y  wings 
t h e  c r i t i c a l  angle  o f  15  t o  18 i s  not  far  f r o m  t h e  a n g l e s  
at which t h e  a i r p l a n e s  a r e  g e n e r a l l y  flown, as i s  demon- 
s t ra ted by t h e  f requency  o f  a c c i d e n t s  due t o  a c c i d e n t a l  
sp ins  8 

L i f t - i n c r e a s i n g  d e v i c e s  which i n c r e a s e  t h e  c r i t i c a l  
angle  and d e f e r  t h e  s e p a r a t i o n  o f  .the boundary l a y e r  t o  
h ighe r  a n g l e s ,  thus i r - c reas ing  t h e  angle-of -a t tack  r ange ,  
n e c e s s a r i l y  i n c r e a s e  the s a f e t y .  
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I t  i s  harrlly p o s s i b l e ,  i n  a s i n g l e  a r t i c l e ,  t o  m a k e  a 
comploto s tudy  of t h e  r e l e t i o n a  e x i s t i n g  be tyeen  t h e  us0 
o f  s l o t s  and t h e  imgroveaent of l a t e r a l  s t a b i l i t y e  Be 
can o n l y  e x p l a i n  t h e  p r i n c i p l e .  

Le t  us  n o t o ,  however, t h t  t h o  f o r n a r d  s l o t s  improve 
t h e  f u n c t i o n i n g  of t h e  a i l e r o n s .  It i s  known that  conven- 
t i o G a i  a i l c r o R s ,  when d e f l e c t e d  do-nrnward, i n c r e a s e  b o t h  
t h e  l i? t  nr-d t h e  drag. Lonerix~g,  f o r  example, t h e  r i g h t  
a i l o r o n ,  i n c r o a s s s  t h o  drag  on tha t  s i d e  ana i n i t i a t e s  
a t u r n  t o  t h e  r ig%,  This tei;&oncy t o  t u r n  i s  a secondary 
e f f e c t ,  which m u s f :  be o f f s o t  by t h e  rud$er, 

A s  t h e  angle  o f  a t t a c k  of t h e  niiig i n c r o a s c s ,  t h e  
l i f t  increment  duo t o  the  a i l e r o n  d e f l o c t i o a  d i z i n i s h c s ,  
while  t h e  drag due t o  tilts rrot7ernant i c c r e e o c s ,  i - )e f lec t ing  
t h e  a i l o r o n  2-3s %he same e f f e c t  as increaculug t h e  ?,nele of 
a t t a c k  and procluces, i f  t h e  ang le  5 s  l a r g e ,  t’ne 2nenonena 
c h a r a c t e r i s t i c  o f  exceeding t h e  c r i t i c a l  ang le  at l a r g e  
ang le s  o f  a t t a c k  o n  a cocvent iona l  wing, t h e  r o l l i n g  mo- 
ment due t o  t h e  a i l e r o n s  d i m i r i s h o s ,  m d  tile secoxdary mo- 
ment o f  jrzw 3r g y r a t i o n  inc reases  and may predominate,  
This  Izloaent 5 s  ’ n a ~ m f u l  because t h e  t u r n i n g  T t  produces 
teiids t o  i n c r e a s e  tlic r o i l . i n g  which t h c  o p e r a t i o n  of  t h e  
af-lerons i s  dcsig2cd t o  combat. Thus i t  i s  obvious vliy 
the  o p c r a t i o n  of %lie a i l c r o i s  on an a i r p l a n e  f l y i n g  at a 
l a r g e  angle  02 c % t t c k  s ta r t s  a s p i n  s o  qu ick ly .  

V i t h  formard s l o t s  t ke  case i s  not t h e  sene ,  t h e  above 
p’nenom?na a r e  profirice3 rmxk  l e s s  r e e d i l y  ail3 t h e  c o n t r o l s  
r e t a i n  t h e i r  effi ,cecy over  a r m c 3  mider range. 

V. Ailtomatic S l o t s  

Experience has shovn tha t  t h o  s l o t s  are of i a c o n t e s t -  
a b l e  value i z l  the everit; o f  s t z l l i n g  O Y ?  m o r e  genel-ally,  
of an abnormal i n c r e a s e  Cn t he  ailgle o f  a t t a c k ,  

An a i r p l e n e  equinped w i t h  s l o t t e d  rrings g e n e r a l l y  
f l i e s ,  however, m i t h  the s l o t s  c losed .  If an unexpected 
s t a l l  ( n o r e  a c c u r a t e l y  an i n c r e a s e  i n  t h o  ang le  of a t t a c k )  
tlicr- o c c u r s ,  the  ? ? l o t  aoes  not  have time t o  open the  s l o t  
and i s  dep r ivcd  or” its a i d  Jus t  m2ien he necds i t  n o s t .  
This i s  a sel- ious o b j e c t i o n  t o  t h e  use  of s l o t s ,  and i t  
inust be recognize& t h a t ,  i n  f a c t ,  t h e r e  a r e  ha,rdlg any 
a i r p l a n e s  i n  Gse n i t h  control lect  slots. 



B.B.C.A. Technica l  Memorand--an Xo. 635 
. .  . .  12 

There h a s  been d iscovered ,  however, one c i zcuns tance  
o f  c a p i t a l  impbrtance i n  t h e  developmont 'and u s e  o f  s l o t -  
t e d  n iqgs .  According t o  p r o s s u r e - d i s t r i b u t i o n  disgrams,  
t h e  p o r t i o n  o f  the  t o p  of tho wing ne&? t h e  l e a d i n g  edge 
i s  under p o s i t i v e  p r e s s u r e  at s m a l l  ang le s  o f  attack, 
while  i t  i s  under n e g a t i v e  p r e s s u r e  at l a r g e  angles., This 
f a c t  w a s  u t i l i z e d  by Handley.Page t o  make t h e  a p e r a t i o n  
of t h e  s l o t s  zn tomat ic ,  

A t  s m a l l  a n g l e s  o f  a t t a c k  t h e  a u x i l i a r y  wing is 
.prossed a g a i n s t  t h e  main wing by t h e  poc i t i ' ve  p r e s s u r e ,  
A t  l a r g e  a n g l c s  o f  a t t a c k ,  near  t h e  c r i t i c a l  a n g l e ,  t h e  
p o s i t i v e  pressure g i v e s  p l a c e  t:, a nega t ive  y r e s s n r e  and 
t h e  a u x i l i a r y  wing advances,  The s l o t s ,  t h e r e f o r e ,  open 
a u t o m a t i c a l l y  j u s t  when t h e r  a r e  needed. Due t o  t h i s  
p r o p e r t y  i t  m a s  fonnd p o s s i b l e ,  a f t e r  p e r f e c t i n g  t h e  sup- 
p o r t i n g  system o f  t h e  a u x i l i a r y  wing, t o  d i s p e n s e  w i t h  t h e  
hand c o n t r o l  o f  t h i s  p a r t ,  Thus o r i g i n z t e d  t"ile an tomat ic  
s l o t ,  nhose q u a l i t i e s  and p r o p e r t i b s  hax-e Seen desc r ibed  
i n  numerous 3 m p b L e t s  o r  c i r c u l a r s  o f  a more o r  l e s s  com- 
merc i a l  n a t u r e .  

A s  t o  That map reasonably  be expected o f  a.xtor?.atic 
s l o t s ,  i t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  t h e i r  i n v e z t o r ,  
Handley Page ,  ad-vacates t h e i r  u s e  over only c3 p a r t  of t h e  
span, izaneiy, near  t h e  wing t i p s  o p p o s i t e  t h e  a i l e r o n s .  
Their  pu rpose ,  t h e r e f o r e ,  i s  t o  i n c r e a s e  t h e  c r i t i c a l  a n g l e  
of a t t a c k  o f  w p o i t i o n  of tile w i i g ,  KO g e n o r a l  i n c r e a s e  
i n  the  l i f t  i s  sought ,  bu t  on ly  a l o c a l  i n c r e a s e  a$ the 
wing t i p s ,  

I n  t h i s  c z s e  t h e  l and ing  spec6 i s  not  g r e z t l y  re-  
duced, but i+ may be e s t a b l i s k e d ,  mithout inconvenience ,  
at  tho a n g l e  o f  a t t a c k  cor responding  t o  t he  1iiaxin-m l i f t  
of t h e  whole, becznse,  at t h i s  a n g l e ,  t h e  wing t i p s  a r e  
s t i l l  Selow the c r i t i c s 1  angle .  

T h e  inf2uenco o f  t h e  t i p s  i s  predominant 2,s Fegartls 
t h e  d z r p i n g  o f  tkrc r o l l i n g  s l o t i o n ,  A 3  a i r p l a n e  eqv-ipgod 
v i t h  wi:?g-tip s l o l s  can be i cvs l ed-  o f f  wi thout  f o a r  of a 
sp in ,  and tlie a i l e r o n s ,  being l c c z t e d  on tile p o r t i o n  of 
t h e  wing n h i c h  has  n o t  cxcoe&.od the  c r i t i c a l  . x i g l o ,  will 
r e t a i n  t h e i r  e f f i c a c y ,  

. The o b j e c t s  se rved  by s l o t t e d  wings a r e  g r a d u a l l y  be- 
coming c l e a r e r .  B r e d u c t i o n  i n  t h e  m a x i m u m  speed i s  
sought o n l y  is c e r t a i x  spe:ial aGTl i ca t ions ,  such as Gug- 
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genheim Contest  a i r p l a n e s  and t h o s e  designed t o  a l i g h t  on 
ships .  The t rgnd  o f  z o s t  of t h e  p r e s e n t  s lo t ted-wing  air- 
p l a n e s  i s  t o  u se  slots onlg  at t h e  v i n g  t i p s  and t o  seek 
e s p e c i a l l y  t h e i r  s t a b i l i z i n g  e f f e c t  , This d i  s p o s i t i o n  af- 
% o r d s  a welcome i n c r e a s e  i n  l i f t ,  bu t  t h e  c o n t r o l l i n g  i d e a  
i s  t o  enab le  tho  complete u t i l i z a t i o n  o f  t h e  e x i s t i n g  L i f t ,  
by making f l i g h t  p r a c t i c a b l e  a n d . s a f e  up t o  t h e  highost 
p o i n t  of tho polar .  

V I .  Conjugation of the S l o t s  w i t h  t h e  A i l e r o n s  

The maximum l a t e r a l  c o n t r o l  at l a r g e  a n g l e s  o f  a t t a c k  
can be ob ta ined  on an a i r p l a n e  p rov ided  w i t h  s l o t s  by con- 
j u g a t i n g  them w i t h  t h e  a i l e r o n s .  I n  o r d e r  t o  produce d i f -  
f e r e n c e s  of l i f t  between the  ends of a wZng at a l a r g e  an- 
g l s  of  z t t a c k ,  i t  i s ,  i n  f a c t ,  obvious that  on\? must no t  
be l i m i t e d  t o  o p e r a t i n g  the  a i l e r o n  a lone ,  b u t  must also 
be a b l e  t o  ope ra t e  t h e  slot simultaneously.  Various sys -  
t e n s  of con juga t ion ,  c l o s i n g  t h e  s l o t  on t h e  end where t h e  
a i l e r o n  i s  d e f l e c t e d  upvard,  have been t r i e d  and found ef -  
f i c a c i o x s .  The secondary e f f e c t s  o f  t h e s e  c o n t r o l s  can be 
f a v o r a b l e  i n s t e a d  o f  un favorab le ,  because t h e  e l i m i n a t i o n  
of  the d e v i c e  f o r  i n c r e a s i n g  t h e  l i f t  i n  f r o n t  o f  the  wing, 
which it; i s  des i r e& t o  lower,  i n c r e a s e s  the drag and p l a c e s  
t h i s  ead n e a r  the c e n t e r  o f  t h e  t-arn i n s t e a d  o f  at t h e  
o u t e r  siae as i s  t h e  c a s e  when t h e  a i l e r o n  o f  a conven- 
t i o n a l  wing i s  e l e v a t e d .  

These c o n t r o l s  o f t e n  proved v e r y  d i f f i c u l t  t o  o p e r a t e  
and r eq i l i r ed  g r e a t  e x e r t i o n  on t n e  P a r t  of t h e  p i l o t ,  The 
Handley Page Company t h e n  inven ted  t h e  " i n t e r c e p t o r s .  rr 
These a r e  small s u r f a c e s  which, w i t h o u t  t ouch ing  t h e  aux- 
iliary wing, c l o s e  t h e  s l o t  on t h e  t i p  o f  t h e  wing t o  be 
l o m r e d ,  Thc c f f e c t  o f  t h i s  slot i s  thus e l i m i n a t e d  w i t h  
much l e s s  e f f o r t  than  would o the rwise  bo  r e q u i r e d  t o  C Z O S O  
tho  slot;, 

V I I ,  I n f luence  o f  the Long i tud ina l  S t a b i l i t y  

By u s i n g  s l o t s ,  t h e  C h a r a c t e r i s t i c s  o f  an a i r p l a n e  
can bo inprovod at l a r g e  ang le s  o f  a t t a c k ,  and the angle 
of mo,xiaum l i f t  can bo rendered  p r a c t i c a l l y  u t i l i z a b l e ,  
which i s  n o t  t h e  case  on o r d i n a r y  a i r p l a n e s .  Modi f i ca t ions  
i n  t h e  usual concept ion ,  o f  an a i r p l a n e ,  as r e g a r d s  l o n g i -  
t u d i n a l  c o n t r o l l a b i l f t y ,  must l o g i c a l l y  accompany t h e  u s e  
of s l o t s ,  I n  f a c t ,  an o rd ina ry  a i r p l a n e  should n o t ,  theo-  
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r e t i c a l l y  speaking, be capable o f  f l y i n g  at a Ozngerous 
angle  of a t t a c k .  This desideratum can be r e a l i z e d  by cor- 
' r e c t l y  combining tlae bfz icncy  o f  t h e  c o n t r o l  p i t h  t h e  
s t a t i c  st s b i l i  t y . .  

The c i r p l a n e s  are  r m e  which s a t i s f y  t h i s  cond i t ion ,  
There i s  2" well-known conmcrcinl monopiano a 'nich cannot 
s t a l l  no r  go i n t o  a sp ix .  'Phose ? r o p e r t i c s  hzvo lqxg 
seeraed s n r p r i s i n g ,  cons idc r ing  that  t h i s  c?.irpLme i s  o f  a 
good aerodJrnaLlic de s i g n ,  a1 tho-agh a1 t o g e t k s r  orthodox, 
The mystery vanishes  w'nen i t  i s  found  that t h e  a i r 2 l a n e  
has  r e l a t i v e l y  we,+ c o n t r o l s ,  and t h h ,  w i t h  normal balanc- 
i n g ¶  i t  i s  h a r d l y  n o s s i b l e  t o  e t t a i n  i t s  meximun l i f t  by ' .  
d e f l e c t i n g  t h e  e1e;ator t d  i t s  f u l l e s t  e x t e n t .  Such a so -  
l n t i o n ,  vh ich  i s  j z s t i f i e c i  on an  a i r p l a n e  ai.thout s l o t s ,  
mou ld  n o t  be j x s t i f i a b l e  on an a i r p l c n e  provide6 aith 
s l o t s  5ecan.se i t  would 2revent  t h o  air'>Zc,ne f r o m  3 e n c f i  t- 
iiig fully by tlTe s l o t s .  A i rp l znes  with s l o t s  x i s t  there-  
f o r e ,  as r e g a r z s  l o n g i t n d i n a l  cont ro11&bi1i ty ,  3iI"fer from 
o r t k o d o x  a i rn l t t nes  i n  t h e i r  c h a r a c t e r i s t i c s .  

. -  
This viewpoint d i d  not escE,pe Mr. ,Po,tez, mho con- 

s t r u c t e d  a t o u r i n g  a i r p l a n e  with f i x e d  sl.ots. Potez 
an3 Jarry. deaons t rn t cd  that t h o  use of s l o t s  proiiuced- modi- 
f i c a t i o n s  i n  C, zna C,,  vvhich i e s s e n  the l o x g i t u d i n a l  
s tg - t i c  s .>z 'D i l i t y  and n h i c h ,  f o r  t h p  s m e  d.ef lec t ion  of t h e  
e l e v z t o r ,  g ive  the  a i r g l a n e  a g r e a t e r  angle  of a,ttack. 

I t  seems t h e r e f o r e  that  tke moCi f i ce t i ans  i n  the  1011- 
g i tud ina , l  s t a b i l i t y  o f  ar, e,ir:?lane, a s  i n t roduced  bp t h e  
use  of s l o t s ,  w e  i n  t3.3 d e s i r o d  d i r e c t i o n .  

VLII, Vings w i t h  P i l o t  P l a n c s  

The p o s s i b l e  c o n b i n s t i o n s  n r c  not l i m i t e d  t o ,  those  we 
have d c s c r i b s d ,  Experimcnts havo S c c n  f r f e d  wi th  a pcr-  
t i c u l c e r  d i s p 3 s i t i o n  of t h e  f o r v a r d  s i x f a c e s ,  nliich c n n b l o s  
t h e  rc?:L1 i z a t i o n  o f  a wing passi i lg  n;.xtomstically cn3 pro- 
grecs i - re ly  fr3a noxw.f. regtm3s T D  tkoso o f  z r c e t c r  l i f t ,  
by s i n q l y  vsr;.i,iig the  aiig;Ze o f  pvttatck. This r e s u l t  i s  05- 
ta i i icd n i t l i c u t  t he  ?#id o f  %ha p i l o t ,  c s  w i t h  t?ie c o x t r o l l e d  
s l o t ,  c.nd w i t h o u t  suc1d.cn sl-LiI"tiiig. o f  2-n a7~x i l i c ry  ni-ng, 2"s 
m i t h  an avtornatic s l o t .  I t  i s  Cue t o . $ i i e  v.sc o f  a. sv-rface 
f r e e  t o  o s c i l l a t e  a 3 o n t  az1 ax i s .  S:icl: tj, s u r f a c e  i s  c a l l e d  
E ":2ilot plano1t i n  EngZanC. (Fig. 17,) 
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I n  f r o n t  of t h e  main wing a small a i r f o i l  o r  p i l o t  
p l ane  swings f s e e l y  a b o n t  an a x i s  nea r  i t s  Leading edge. 
Under t h e  a c t i o n  o f  t h e  sir ,  t h i s  p i l o t  p l a n e  t a k e s  the 
p o s i t i o n  of  l e a s t  r e s i s t a n c e ,  o r  n e a r l y  s o .  The upward r o -  
t a t i o n  i s  l i m i t e d  s o  as t o  s t o p  t h e  p i l o t  p l a n e  i n  a prede-  
termincd p o s i t i o n ,  I t  i s  p e r f e c t l y  f r e e ,  hovevcr ,  t o  move 
downrrard. A t  s:aall a n g l c s  of a t t a c k ,  t h e  c i l o t  p l m e  
f l o a t s  i n  t h o  a i r  c u r r e n t  and docs  not  a f f e c t  t h e  w t i o n  
o f  t h o  a i r  o n  t h e  m a i - n  n ing,  A t  h i g h  angles  o f  a t tack,  the  
p i l o t  p l a n e  rrotatcs s o  as t o  r a i s e  i t s  t r a i l i n g  cdgc, forms 
a s l o t  i n  f r o n t  o f  the  rnain wing nnd a c t s . L i k e  t h c  a-axil- 
iamy Ring i n  f r o n t  o f  an  o rd ina ry  s l o t t c 6  wing. The ex- 
per imen t s  o f  Bodietnsky and. T i l l i e r s  showcd t h c t  i n t e r e s t -  
i n g  p o l a r s  ( f i g T g  17) can bo ob ta ined  by comSinations o f  
thi s kind.  

F l i g h t  t e s t s ,  e s p e c i a l l y  t h e  r e s u l t s  o f  t h e  Guggen’nein 
Contes t ,  have confirmed many o f  t h e  coxc lns ions  1-eaehed i n  
t h e  l a b o r a t o r y .  We hope t h a t  our summary o f  t h e  p r i n c i p a l  
r e s u l t s  ob ta ined  w i t h  t h e  vari07~ts l i f t - inercF,s i : ig  d e v i c e s ,  
w i l l  not  5 e  a i t o g c t h e r  u s e l e s s ,  because we b e l i e v c  t3at 
the  f a c t s  e s t a b l i s h c d  i n  t h e  l a b o r z t o r y  w i l l  almays con- 
s t i t u  t e 1 o g i e a1 b 2 s e s f o r  f u l l -  s i z e d c o n  s t T-LI e t i o n s. 

Tre ,ns la t ion  by Dwight :I. idjcer, 
Xat iona l  A$vi s o r y  C o m m l  t t s e  
f o r  Bo r oil ax t i c s . 
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Pig. 2 Biconvex p ro f i l e  
with s l o t  x 

of  variable width, 

Yig.1 Distribution of posi t ive and negative 
pressures, G t t ingon  prof i le  9 7  at 

1.5~ angle o f  at tack, (1Tegati.w pressure, 
upper surface; posit ive pressiire, lower 
surface) . 

A, Induced 
par ab o la, 
aspect 
r a t i o  6. 
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Fig.3 Po1a.r of  wing prof i le  w i t h  central  s l o t ,  
tes ted at 'Jiittirigen. (Induced parabola, 

asTect r a t i o  6.) S, IILax, = 1.75; cq = 0.07. 
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Figs,&, 5 

Fig.4 PaHars of: R.A,F.31 w i t h  and w i t h o u t  slot. 
(Iiiduced polar, aspect ratio 6.) 
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Fig, 9 Eelative lift iicremen.1; 
i n  terns of  power 

expended. C,! i s  given i n  terns 
of the l i f t  herecent at f=l5'. 
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Fig.6 L i f t  or' V i l l i c r s  profile ~ 1 6  

with s l o t  aiid ailerom, 

Fig.7 Profiles w i t h  s l o t s  i n  front and at aileron 
hizge, Left, R.A.T.3l; right, Vfl l iers  A'6. 
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Fig.G L i f t  of wing ni th  pressure s l o t .  Tests at Langley 
Meaorial Labora to r j ,  
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a, Induced polar, 
aspect ratio 0. f 

yig.10 ? o l a r s  of  uinz aith single pressure slot,Katzmayr's tests. 
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a, Incluced ;;301ar, 
aspect ratio 6. 

Fip.11 Pola r s  of wing 

s l o t s .  (KL;tmayrfs tests.) 
m i t h  3 pressure 
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Fig.12 L i f t s  obtained by Seewald n i t h  very high internal  
pres m e  so 
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Fig.13 L i B t  of wtng w i t h  suction s l o t s ,  Fig,l& Relative l i f t  
increr,ent i n  

te rns  of expended power. 
(Angle o f  a t tack 15') 

f o r  3 ;-alxes of  the internal  
negLt i.Je pressure. 
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a ,  Induced parabola, aspect 
ratio 6. 

Fig. 17 Polar of ving with l l@lo t planoff. 


